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DECLARATT QN OF T ARWy f Tnrivr 
UNDER RTn ,F 11^; 

I, Larry Chen, declare as follows: 

1. I have been a process engineer at Mosel Vitelic Inc., the assignee of the 
aforementioned patent application, since 2002, and am currently a manager in the CVD unit. 

2. I«cdvedaBacAelorofSdencedegreeinchenucalengineeringfiomNati^^ 
Taivvan University in 1986, and a Ph.D. from the University of Minnesota, Twin Cities, in 1996. 

3. Il>^vebeenemployedasaprocessengineerintheseraiconductprindustryfo^ 
ast9years* ' 



4. I ^^^ve^ead and am femiliar with the aforementioned patent appKcation and its 
I prosecution history up to the present time, as well as the development and current state of high 
I density plasma chemical vapor deposition (HDP CVD) techniques and systems used 
semiconductor manufacturing. 
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THE PRESENT INVEimON 

5. li» present invention provides a method of filling high aspect ratio gaps without 
the void fonnations typical ofthe prior art. to one embodhnent, a single gas imxtme is 
provided with a low ratio of the oxygen-containing conjponent to the siKcon-containing 
component and/oralowconcentrationoftheoxygen^ntainingcom^^^^^ 

selected reftactive index without cusp formation and in a single process step. . 

6. Advantageously, gaps with aspect ratios over 4.0:1 and with widths of 01 
micron have been fiUed with stoichiometric fihns .^thout the formation of voids. The electrical 

perfoimance of non-stoicMometric films is inferior because they are te^^ 

electrical isolation properties are not as good. If the Si:0 ratio is not controlled in the deposited 

fihn, the isolation properties of the deposited fihn.maynotmeetthe device electrical 
requirements. 



7. TT^eApplicantdisclosedanetch.to.dq)ositiott(E/D)xa(iodefinedbyth^ 
equation: E^-CUBUC-BUQ/UBUC, where UBUC is the deposition rate of the process 
with no wafer bias or clamping (unbiased, undamped), and BUC is the deposition rate of the 
process with wafer and no clamping (biased, undamped). (AppUcatrt'5 Specification, page 8, 
lines 6-13). - 

8. The Applicant further disclosed that E/D ratios fiom about 0.0 to about -0.05 
have been adiieved for void-fi«e filling, where the UBUC refiactive index ranges from 
about 1.5 to about 1.6. (AppUcant's Spedfication, page 8, lines 19-22). 

9. Hie AppUcant forther disclosed in Table 1 "process parameter ranges . . . to fomi 
a siUcon dioxide layer with a refractive index of 1 .46." (Applicant's Specification as filed, page 
9, lines 7-16). In other words, the.fikn deposited under BUC conditions has a refractive index 
of about 1.46- 

10. In my opinion, when the deposMon rate of the process is measuied with no wafer 
bias or clamping (UBUC) and no gas flow change (e,g.. no increased levels), the UBUC- 
deposited fihn refractive index dianges as compared to the BUC-deposited fihn refractive 

^ .14- 
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mdex. nie deposition rate of UBUC is larger than the deposition rate of BUG for ihc same film 

havingthesamejsfias^jieMSEbWisNOTrf^^^ 

refractive indi ce s . I" «*l>«r words, the films being deposited in the two ca^ 



fiofflEffii&ffl (more or less siUcon-richness). Accordingly, under some conditions for low 
deposition rates and hi^ aspect ratio gaps, the deposition rate vith bias (BUG) may be larger 
than the deposition rate without bias (UBUC) and therefore the E/D ratio, as defined by the 
Applicant, may be negative in s<»ne cases. 

11. Tlie Applicant discloses the critical nature of the reduced oxygen levels by 
stating that 'Ihe reduced flow rate or concentration of oxygen req^xcd for a selected flow rate 
or concentration of silane reduces the main sputtering component of the gas mixture, resulting 
m a reduction of sidewall ledeposition, thereby helping to keep the gap open for fiUing." 
(Specification, page 7, line 31 -page 8, line 2). 



THE PAPASOULIOTIS REBimNCE 

12. In my opinion,. U.S. Patent No. 6,030,881 to PapasouliotisctaL (hereinafter 
"Papasouliotis") stands in sharp contrast to the present invention. Papasouliotis discloses 
deposition/etch srcUng using different ga.s mixtiiTrs having different etch/dep ratios to fill the 
gap. In particular, Papasouliotis discloses a "composite m«W.^^ wr.p-r^7r> ^^.l.,, 
(Papasouliotis, col.4, lines 55-56) and -^ultinle sed»^ri.l A^^^ of different 

etch late-to-deposition rate (etch/dep) ratios to fill high aspect ratio gaps" (Papasouliotis. coL 5, 
hnesl9.21). Hie first step is a deposition step in which TcW 530 h^rin i» ...u. 
comers of circuit elements 520 as SiOj layer 525 fills gap 510, as shown in HG. 5A. Before 
camSSO close the ento' to g^ 510. the deposition step is stop^^^ (P^ouliotis, col. 5, 
lines 58-61). The "deposition/etching cj^ is repeated as many times as necessary «itil tfal 
resulting gap can be filled by a conventional HDP deposition step (FIG. 5A) without void 
foimation, as shown in FIG. 5C." (P^ouUotis, col. 6. lines 9ul2). Accordhigly, 
Papasouliotis discloses a conv^aial HDP deposition step in which cusps ai^ fol.^ during 
deposition to fill a gap and voids will be formed if etch with a different ^a. is 

not performed. 
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13. The Exanmifir has stated the fbUo^ regarding the PapasouUotis reference: 

^v-n,^!?^'? ^^i?^ flow ratio, one should look into the tables. For 
example, in table 1, the oxygen (claimed oxygen-contaming 
o^mponents) flow rate 10-1000 seem and the flow rJ 

(sihoon-oonlaining components) 10-250 seem. So, the flow ratio of 
osygen-oontammg components to the silicon-containing 
cc^mponents as disclosed in tables 1 is 1:1 to4:l. Note thai, ihesf 
[sw] rato ^so mcludes bdow 13. (Office Action dated May 27. 
/uuii page 9). ' 

14. Papasonliotis only discloses in its Tables Man extremely wide range of flow 
^ for oxygen and silane. However no mention is made of the ratio of these two components 
oxygen concentration, optinu2ang composition, or even a refractive 



15. 



Furthermore, PapasouKotis does not disclose or suggest a negative etch/dep 



ratio. 



16. Determinmgtheoptjmumratiooftheoxygen-containingcomponenttosmcon- 
comaining component, in view of PapasouUotis. would not have been accomplished through 
nmtiae «q,erimentation but instead would have required extraordinary experimentation because 
Seines extrapolation would be required to optimize the ratio or composition of the 
I reactive gas mixture within the ranges specified in Papasouliotis. 

17. Instead, Papasouliotis discusses deposition/etch cycling and "the need for 
optimizing the iuiati^ of deposition steps." (Papasouliotis, col.6, 11.66-67). Optimizing 
dmiion of deposition steps mvolved in cycling teaches away from an optimum conqjosition of 
leactants for a single duration step, which may not be efficient or optimal in temis of step 
duration. 



.18. In my opinion, it would not have been obvious to one of ordinary &bll in the art 
in view of PapasouUotis to determine the optimum ratio of the oxygen-containmg component to 
sUicon-containing component or the optimal concentration of oxygen m the gas mixtare as 
claimed in the present invention, given that Papasouliotis does not mention ttie ratio, o:0'gen 
concentration, optimizing composition, or refractive index. 
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1 9. Even a^mwag argu«ado Hist PapasouHotis were tx> 6is6lcse a «tfio of the oxygea 
flow «ie to the silai^ flow as proposed by til. aLaminer, ^ 

suggest a gas xabcture deluding an oxygeQ^ontaining component that is no more than 2 1 o/, total 
concentration by voW of the gas miwure. Asnoted by AeEaininer above, -Stable 1, the 
o«wa (claimed rajyeen-oowaiiAigcoai^^ 10^1 000 scorn and the silalie 

flow rate (sificQn-coniaimng components) [is] 1 0-250 seem. So, the flow ratio of oxygen- 
contaimng components fo the siKcon^atainmi component,, disclosed intables 1 Is 1:1 to 
4:1." Using such <i}is^ extrapolation. Papasbuliotis does not disclose or suggest a gas mixmre 
including an "oxygeit^iaimBa component?* a«t is ^o more than 21% total concentration by 
vow of said gas mixtme" as claimed in Claims 1, .19, and 30 (eg, fiomihe daram tade 1, 
the minimum concentration of oxygsn is 10/(1 0+1 (H-l O) - 33%; fiom the data in Table 2, the 
minimum concentralioa of oxygen is 1000/(1 000+1 000+50(H-60) = 39%j fiom the data in Table 
3, the minimum ooncentrafion of oxygen is 500/(500+600+170+250) = 33%; &cm the data in 
Table 4, the mmhmnn eoneentratitm of oxygen is 

20. I iM^by declare that all statements made herein ofmy own knovriedge ate true 
and that all statements made on infoxmation and belief are believed to be true, and further that 
the statements were made with the knowledge that willful false statements and the lite so made 
arepudshablebyfineorJinprisoament,(ttboth,imder§ 1001 ofTitlelgofthe United States 

Code and that such willfWfelse statements mayjeopaniizB the vahdily of ftea^ 
and any patent issued thereon. 
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